A total of twenty microsatellite loci included dinucleotide, trinucleotide, and tetranucleotide microsatellite loci were isolated for Sinopotamon yangtsekiense using the FIASCO protocol. Genotyping of 30 individuals showed that the number of alleles ranged from 2 to 22, with observed heterozygosity ranging from 0.103 to 0.900 and expected heterozygosity ranging from 0.100 to 0.957. The polymorphism information content per locus ranged from 0.093 to 0.932. Cross-species amplification was investigated in seven related taxa. The results suggested that the developed microsatellite loci are specific to Sinopotamon and have potential for limited use in crossgenus amplification within Potamidae. These microsatellite markers should prove valuable tools for population genetic studies of the species Sinopotamon.
INTRODUCTION
Freshwater crabs in the brachyuran family Potamidae are usually regarded as entirely fresh water in habitat preference, since they spend the entire life cycle in fresh water and their eggs develop directly into juvenile crabs (Ng, 1988; Schubart et al., 2000; Yeo et al., 2008) . As a consequence, populations have frequently become isolated, and tend to exhibit high degrees of endemism. Two families, Parathelphusidae and Potamidae, occur in China with more than 250 recognized species (Dai, 1999; Cheng et al., 2003; Li et al., 2008) , among which Sinopotamon Bott, 1967 is endemic China and with the most diversity of species within Potamidae.
The distribution of Sinopotamon is confined to drainages of the Yangtze River, Huaihe River, and Yellow River. Climate change, tectonic events, and recent human activities have influenced the current patterns of distribution and diversity. Integrated with the use of phylogeographic tools, research into population dynamics and genetic structures will elucidate recent gene flow and speciation events, and will yield historical interpretations of the modern species distribution.
Neutral mitochondrial DNA (mtDNA) and microsatellites are the most popular genetic markers for molecular phylogeography and ecology studies. Mitochondrial DNA is inherited matrilineally, and therefore the analysis of mtDNA polymorphism yields a female-biased description of the population structure (Avise et al., 1983; Avise et al., 1987) . Microsatellites are inherited through both mothers and fathers, and better reflect population genetic structure. Analysis of microsatellite loci provides a necessary complement to the mtDNA data, and can yield a more complete and accurate picture of the population structure (Simonsen et al., 1998; Marthinsen et al., 2008) . The combined use of mitochondrial and microsatellite DNA offers a valuable look at historical and contemporary biogeography (Bruyn et al., 2007; Baker et al., 2008) .
Previous phylogeographic studies of the true freshwater crabs were based primarily upon mtDNA data (Daniels et al., 2002 (Daniels et al., , 2006 Schubart et al., 1998; Shih et al., 2004 Shih et al., , 2006 Shih et al., , 2007 . Molecular phylogeographic inferences from microsatellite markers are still lacking for this specific group. In this paper, we choose Sinopotamon yangtsekiense Bott, 1967 as a representative for the polymorphic microsatellite markers in a freshwater crab, and we present estimates of genetic variability at these variable loci. Recent comparative phylogeographic approaches on multiple co-occurring or co-distributed species have proven particularly useful in phylogeographic studies because they may help identify common factors that have influenced population genetic structure and the historical processes of speciation (Bermingham et al., 1998; Bohonak, 1999; Weisrock et al., 2000; Riddle et al., 2000; Bremer et al., 2005; Hare et al., 2008) . Present comparative phylogeographic studies for different taxa have hardly exploited microsatellites. Successful cross-species amplification of microsatellite loci may provide ample opportunities for comparative analysis inferred from nuclear genetic information.
In this study, we further test the cross-species amplification potential of a primer set developed across two different families in S. yangtsekiense. Seven related taxa occurring in mainland China were sampled. Of these taxa, Sinopotamon shensiense (Rathbun, 1904) , Sinopotamon acutum Dai, 1999, and Sinopotamon lansi (Doflein, 1902) are congeneric; Huananpotamon chongrenense Dai Zhou, JOURNAL OF CRUSTACEAN BIOLOGY, 29(3): 413-418, 2009 and Peng, 1995 and Tiwaripotamon pingguoense Dai and Naiyanetr, 1994 are from two different genera sampled within Potamidae; and Somanniathelphusa guilinensis Naiyanetr and Dai, 1997 and Somanniathelphusa nanningensis Naiyanetr and Dai, 1997 are Parathelphusidae.
MATERIALS AND METHODS

Specimens, Sampling and DNA Extraction
We collected specimens of S. yangtsekiense from across its distribution range. The specimens of seven related species, which were used in crossspecies amplification, were collected from six different localities (Table 1) . DNA extractions were performed from fresh-frozen or alcohol-preserved branchial issue samples using the standard proteinase K and Phenol/chloroform techniques detailed in Sambrook et al. (2001) .
The Isolation of Microsatellite Loci
Microsatellite loci were isolated using the FIASCO (Fast Isolation by AFLP of Sequences COntaining repeats) protocol from Zane et al. (2002) . About 200 ng of DNA were digested with MseI restriction enzyme and ligated to MseI AFLP (amplified fragment length polymorphism) adaptor (Vos et al., 1995) . The reaction mixture contained 10 3 NEB buffer, 50 mg/mL BSA, 2.5 U MseI, 1 mM adaptor, 200 mM ATP and 1 U of T4 DNA ligase (New England Biolabs) in a total volume of 25 mL. The reaction was incubated for 3 h at 37uC. The digestion-ligation mixture was diluted (1:10) and directly amplified in a total volume of 20 mL with AFLP adaptor-specific primers (MseI-N). Polymerase chain reaction (PCR) was performed in 1 3 Taq DNA polymerase buffer (Promega), 1.5-2 mM MgCl 2 , 10 pM primer MseI-N, 200 mM of each dNTP, 0.4 U Taq DNA polymerase (Promega) and 5 mL 1/10 dilution of digested-ligated DNA. PCR was performed on a PTC-200 (MJ Research) thermocycler for 23 cycles of 94uC for 30 s, 53uC for 1 min, and 72uC for 1 min. Products showing a visible smear were selected for further use and hybridized with the biotinylated probes (CA) 15 , (GA) 15 , (GACA) 6 and (GAGT) 6 for 1 h at 65uC. Hybridized probe-DNA was captured using magnetic beads (Streptavidin Magne-Sphere Paramagnetic Particles, Promega) and amplified using the MseI-N primer on a PTC-200 (MJ Research) thermocycler. Amplification conditions involved 95uC for 3 min, followed by 5 cycles at 95uC for 30 s, 53uC for 30 s, 72uC for 45 s, and another 30 cycles at 92uC for 30 s, 53uC for 30 s, 72uC for 45 s, with a final extension step at 72uC for 10 min. Amplified products were purified and ligated into pGEM-T Easy Vector (Promega) and transformed into DH5a competent cells. Positive colonies were sequenced using an ABI PRISM 377 Automated Sequencer. Oligonucleotide primers were designed using the program Primer Premier 5. Sixty primer pairs were designed and thirtytwo loci were found to give consistent specific products.
Detection of Polymorphic Microsatellite Loci
The variability of microsatellite loci was assessed by genotyping 30 individuals of S. yangtsekiense. Loci were amplified using a nested PCR method. In this approach, one of the unlabeled STR primers was synthesized with an M13 (2 29) tail (59-CACGACGTTGTAAAAC-GAC-39) forward or reverse primer sequence on the 59-end. An IRDyelabeled M13 primer was included in the PCR. The labeled M13 primer was incorporated in subsequent cycles, thus labeling the PCR product. PCR amplifications were performed on an ABI GeneAmp system 2700 (Applied Biosystems) in 20 mL volume containing 50 ng genomic DNA, 2.0 mM 10 3 PCR buffer [containing 500 mM KCl, 100 mM Tris-HCl (pH 8.3)], 2.0 mM MgCl 2 , 0.4 mM of each dNTP, 5 pM of each primer, 1 U rTaq polymerase (TakaRa), 0.5 pM of fluorescently labeled M13 primer, either IRD700 or IRD800 (LI-COR Bioscience), complimentary to the M13 sequence on the 59 end of the forward or reverse primers. We carried out negative controls containing no DNA template simultaneously with all normal PCR amplifications. The PCR cycling conditions were 94uC for 2 min, followed by 30 cycles of 92uC for 15 s, the locus-specific annealing temperature (Ta in Table 2 ) for 20 s, 72uC for 30 s, and a final extension at 72uC for 8 min. PCR products were separated on 7% polyacrylamide gels using a LI-COR 4300 automated DNA sequencer and analyzed using LI-COR SAGA GT software. After analysis, twenty of the thirty-two loci were found to be polymorphic.
Cross-species Amplification
After PCR optimization, cross-species amplification was performed for all twenty polymorphic sites of S. yangtsekiense in samples of seven different related taxa, three other species of Sinopotamon, two species from Huananpotamon and Tiwaripotamon (Potamidae), and two species from Parathelphusidae (see Table 1 ). In order to verify whether products amplified from species across the genus contained microsatellite sequences. Successful PCR products from the genera Huananpotamon and Tiwaripotamon for each locus were subsequently cloned and sequenced.
Data Analyses
Numbers of alleles, effective number of alleles, as well as expected and observed heterozygosities were calculated using Cervus 2.0 software (Marshall et al., 1998) . Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) were tested using Genepop version 3.4 (Raymond et al., 2004) . Genotyping errors were assessed statistically using MicroChecker version 2. 2. 3 (Van Oosterhout et al., 2004) .
RESULTS
Genetic Variability in Microsatellite Loci
Twenty loci were successfully amplified in S. yangtsekiense, and sequences of these primers, the key experimental parameters for PCR amplification, are presented in Table 2 . All twenty loci showed typical characteristics of single-copy microsatellites, and the allele numbers per locus ranged from 2 to 22, with a mean of 11. The polymorphism information content (PIC) for each locus ranged from 0.093 to 0.932. Allele size of these loci ranged from 112 bp to 360 bp. The observed and expected heterozygosities of the loci ranged from 0.103 to 0.900, and from 0.100 to 0.957, respectively ( Table 2) . Fifteen of the twenty loci analyzed showed significant deviation from HWE after Bonferroni correction (P , 0.01) and indicated the existence of the heterozygote deficiency. After Bonferroni correction, pairwise comparisons of loci showed that the four pairs, Gaca2 & Gagt13, Gagt21 & Gaca12, Gaca11 & Gaca12 and Gagt21 & Gaca11, performed highly significant linkage disequilibrium (LD) (P , 0.001).
Cross-species Amplification
For cross-species amplification within the same genus, sixteen pairs of the twenty primers developed in the target species successfully amplified in both S. shensiense and S. acutum, but only twelve of them were effective in S. lansi. Across the genus, only two pairs of the primers (Gagt4, Gagt12) were successfully amplified in H. chongrenense, and three pairs (Hxx7, Gagt4 and Gagt12) were effective in T. pingguoense. Unfortunately, none of these loci could be amplified across the entire two cross-family taxa including S. guilinensis and S. nanningensis (Table 3 ). Sequencing analyses revealed that locus Hxx7 was a perfect GA/CT microsatellite (GenBank Accession No. FJ455819), and loci Gagt4 (FJ455815 and FJ455817) and Gagt12 (FJ455816 and FJ455818) were both perfect GAGT/CACT microsatellites.
DISCUSSION Genetic Variability in Microsatellite Loci
The rise of phylogeographic methods based on microsatellite data, as well as the current focus on comparative studies of related taxa, has led researchers to isolate microsatellites from many animal groups. Over the past decade, thirteen brachyuran species sampled from four different families have been studied in terms of the isolation of microsatellite loci (See Table 4 ), although the true freshwater crabs have not yet 
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been considered. Among the thirteen brachyuran species observed, the polymorphism of the microsatellite loci ranged from 5 to 18 (Table 4 ). In the present study, we first isolated a set of microsatellites with a total of twenty loci optimized in S. yangtsekiense. PIC is recognized as a measure of the usefulness for a molecular marker (Botstein et a1., 1980) , and is referred to the value of a marker in efforts to detect polymorphism within a population. Comparisons of PIC values can provide an estimate of the power of the markers (reviewed in Liu et al., 2004) . The per-locus values of PIC ranged from 0.093 (Gagt4) to 0.932 (hxx3), with a mean of 0.746. Seventeen out of the twenty loci were shown to be highly informative (PIC . 0.5). The other two (Gagt5, Gaca11) were reasonably informative (0.25 , PIC , 0.5), and one (Gagt4) was only slightly informative (PIC , 0.25). This suggests that the set of microsatellites developed in the present study, with the exception of locus Gagt4, show considerable potential for analyzing genetic polymorphisms.
Significant deviation from HWE was detected at fifteen of the loci isolated in this study. This phenomenon is generally caused by inbreeding, null alleles, scoring error or the Wahlund effect (Wahlund, 1928; Rousset et al., 1995; You et al., 2008) . The samples in our study came from wild populations and were collected from six distant localities, and inbreeding is therefore likely not the cause. Micro-Checker assessment for all of the isolated loci indicated that there were no scoring errors attributable to stuttering or large allele dropout at the loci. The Wahlund effect involves heterozygote deficiency that is actually caused by population structure, and is the most likely reasonable explanation in the present study, since individuals from the six different sources were arbitrarily admixed as one single population (Table 1) . Therefore, it is plausible to apply these twenty isolated loci to large sample sizes.
To avoid pseudo-replication errors in our analyses, the test for linkage or gametic disequilibrium was applied to 
Note: '' + '' denotes specific product (one or two bands) was obtained after PCR optimization. detect microsatellite loci by searching for correlations between alleles at different loci. If two loci are very close together on a chromosome, they may not assort independently and will be transmitted to offspring as a pair; consequently, one locus in the pair should be discarded (Selkoe et al., 2006) . Our analyses of the twenty microsatellite loci suggested that significant linkage disequilibrium is exhibited between the three loci, Gagt21, Gaca12 and Gaca11, and between a locus pair, Gaca2 and Gagt13. We propose that these linked loci should be used with caution, and perhaps only one of each set should be used in order to avoid pseudo-replication in population genetic analyses.
Cross-species Amplification
Cross-species amplification of microsatellite loci is a timesaving and cost-effective approach for developing locusspecific markers for comparative phylogeographic research on related species. There are some reports of cross-family, cross-orders, and even cross-class, but the distribution of cross-species transferability of microsatellite markers is highly uneven across taxa (reviewed in Barbará et al., 2007) . Comparisons of the developed microsatellites for the brachyuran cross-species amplification revealed that all the five microsatellite loci developed for the mud crab, Scylla serrata (Forskål, 1755) , may be successfully crossamplified in three related species from the same genus (Gopurenko et al., 2002) . However, in the red snow crab, Chionoecetes japonicus Rathbun 1932 (Azuma et al., 2008 , spiny spider crab, Maja brachydactyla Balss, 1922 (Sotelo et al., 2007 , and European green crab (Carcinus maenas (Linnaeus, 1758); Tepolt et al., 2006) , only a few pairs of the primers were capable of successfully amplifying across species within the same genus (Table 4) . In the present study, twelve to sixteen loci of the twenty analyzed microsatellites were successful in interspecific cross-amplification within the same genus. However, only two to three of the markers were capable of intergenic cross-amplification, and could be applied to the genera Huananpotamon and Tiwaripotamon. However, no markers were successful for amplification in the more distantly related Potamidae. Our results suggest that the microsatellites isolated from S. yangtsekiense are more specific for cross-species amplification of species of Sinopotamon, and that they show limited potential for cross-genus amplification within Potamidae. These microsatellite markers will be potentially useful for population genetic studies of the genus and the other related genera.
